INTRODUCTION
Globally, rice (Oryza sativa L.) is the single most important food crop in terms of direct human food consumption which is cultivated under a wide range of environments, many of which are experiencing increases in daytime and night time temperatures. Asian rice consumption is projected to account for 67 per cent of the total increase, rising from 388 million tons in 2010 to 465 million tonnes in 2035 despite a continuing decline in per capita consumption in China and India. In India, rice is grown in an area of 43.2 million hectares with a production of 104 million tonnes and productivity of 2.4 tons / ha during 2015-16 (Anonymous, 2017) . Although, rice has been used as a model plant for many years, the growth responses of rice to high temperature are still poorly understood.
Seeds deteriorate during storage. This ageing is manifested as reduced percentage germination, while those seeds that do germinate, produce weak seedlings. During the ageing process, seeds lose their vigor, ability to germinate and ultimately become less viable (Maity et al., 2000) . It is assumed that, as the production environment changes, the spectrum and type of infection by the pathogens, tend to change which ultimately causes severe losses during storage and also reduces the seed quality. Losses in seed quality during storage are exacerbated, if seeds are obtained from parent plants exposed to high temperature environment. There is paucity of literature on the storability of the resultant seeds from parent plant raised at higher temperatures. Hence, studies were conducted to assess the impact of high temperature of the production environment on seed storability.
Germination
The germination test was conducted by following the procedure outlined in ISTA (1999) using paper (between papers) medium. Four replicates of 100 seeds each were germinated in a germination room maintained at 25±2°C temperature and 95±3% RH. At the end of fourteenth day of sowing, the number of normal seedlings in each replication was counted and expressed in percentage.
Vigour Index
Vigour index values were computed using the following formulae and the mean values were expressed (AbdulBaki and Anderson, 1973).
Vigour index I = Germination (%) x Seedling length (cm)
α-amylase enzyme activity Accurately 500 mg of pre germinated seed samples were homogenized in 1.8 ml of cold 0.02M sodium phosphate buffer (pH 6.0) and centrifuged at 20,000 rpm for 20 min. to extract enzymes. To 0.1 ml of enzyme extract, one ml 0.067 per cent starch solution was added. The reaction was stopped after 10 min. of incubation at 25°C by the addition of one ml of iodine HCl solution (60 mg KI and 6 mg I2 in 100 ml of 0.05N HCl). Change in color was measured at 620 nm. The activity was calculated and expressed as mg maltose min-1 (Paul et al., 1970).
"α-amylase enzyme activity = " "OD value" /"Volume of sample pipetted out" " × " "1000" /"500"
Dehydrogenase Activity
For estimating the dehydrogenase activity, 0.5% 2, 3, 5-triphenyl tetrazolium chloride solution was dissolved in Sorenson's buffer. Representative seeds from each treatment were taken and preconditioned by soaking in water for 7 h.
Seeds were bisected longitudinally into two halves, one half with embryo was steeped in tetrazolium solution and kept in dark for 2h at 40°C for staining. After staining, the excess solution was drained and the seeds were washed thoroughly with distilled water and transferred to a test tube containing 10 ml of 2-methoxy ethanol (methyl cello solve). The test tube was closed air tight and allowed to remain in the incubator in darkness overnight for extracting the red color formazon. The colored solution was decanted and the colour intensity was measured in an ELICO UV-VIS spectrophotometer (Model SP-2205), using blue filter (470 nm) and methyl cellosolve as the blank. The OD value obtained was reported as dehydrogenase activity (Kittock and Law, 1968) . 
RESULTS
Seed germination per cent differed significantly due to temperature, varieties, accelerated ageing and their interaction. Among the varieties, highest mean germination was recorded in Anna (R) 4 (86 %) followed by ASD 16 (83 %). At higher temperature germination was significantly lower (74 %) compared to normal temperature (84 %). There was a significant decline in mean seed germination of all the varieties to 54 per cent upon accelerated ageing from 96 per cent (Initial). Among the interactions, only the interaction between temperature and varieties as well as between temperature and ageing period were found to be significant (Table 1) .
For seedling vigour index, lowest seedling vigour index was recorded in CO 51 (1854). There was a drastic reduction in mean seedling vigour index, to 1397 upon accelerated ageing from 2868 (initial), irrespective of varieties.
Temperature shift from normal to higher temperature caused significant change in seedling vigour index, from 2480 to 1922 (Table 2) . Temperature, varieties, ageing and their interactions significantly influenced the alpha amylase activity.
Alpha amylase activity was significantly higher at normal temperature (1.96) and lower at higher temperature (1.77). Anna (R) 4 recorded significantly higher amylase activity (1.98) than other varieties followed by ASD 16 (1.91). Significantly lower amylase activity was recorded in ADT 43 (1.78) which was on par with CO 51 (1.79). With the advance in ageing, the amylase activity was higher initially (2.15) and it decreased gradually and finally recorded a significantly lower value of 1.59 at the end of ageing. All the interactions were found to influence the amylase activity. For the interaction between temperature and ageing, the significantly highest effect was seen in resultant seeds from normal temperature before ageing (2.18) and lowest value was recorded in resultant seeds from higher temperature after 18 days of ageing (1.50) ( Table 3) .
Influence of temperature, varieties and ageing along with their interactions on dehydrogenase activity is presented in Table   4 . Due to higher temperature, dehydrogenase activity was significantly reduced to 0.377 from 0.529 (normal temperature).
Among the varieties, Anna (R) 4 recorded significantly higher dehydrogenase activity (0.629), followed by ASD 16 (0.469) and significantly lowest value was observed in ADT 43 (0.347). With the advance in ageing period, dehydrogenase activity was found to reduce from the initial value of 0.501. Significantly lowest dehydrogenase activity was observed 18 days, after accelerated ageing (0.411).
DISCUSSIONS
The production environment has a greater influence on the quality of the seeds produced. Dynamic nature of the production environment causes variation in seed quality also.
For high-quality seed lots, germination is desired by the seed industry to be as close to 100% as possible. The germination of a seed lot can be negatively affected by the conditions the seeds are exposed to during harvesting, drying, cleaning and storage, but can also be reduced by unfavorable environmental conditions in the field during seed growth and High-temperature stress before the developing seeds achieve physiological or mass maturity is likely to inhibit the ability of the plant to supply the seeds, with the assimilates necessary to synthesize the storage compounds required during the germination process (Dornbos, 1995), and/or the seeds suffer physiological damage to the extent that, the ability to germinate is lost. High-temperature stress after physiological maturity can also sometimes reduce germination but more often reduces seed vigour. In the increased temperature regime, C/N ratio may change and it can lead to a decrease in seed protein content, resulting in a reduction in the ability of the seed to supply the amino acids required for the de novo protein synthesis necessary for embryo growth in the germinating seed. The damaging effect of high temperature stress for seed quality development is greater the earlier it is imposed after anthesis.
Alpha amylase activity is positively correlated with germination. Accelerated ageing of the resultant seeds from higher temperature regime at Coimbatore exhibited higher per cent reduction in alpha amylase activity (29% compared to 22% at normal temperature). If heat stress leads to mitochondrial dysfunction and membrane damage, it may also result in When the seeds were subjected artificial ageing, the reduction observed in seeds from normal temperature after 18 days of ageing was 13 %. The decline in dehydrogenase activity, leads to lower energy (ATP) supply to the germinating seed. Dey and Basu (1982) in sunflower reported a sharp fall in dehydrogenase activity with ageing and found that, direct correlation exists between germinability and dehydrogenase activity of seeds.
CONCLUSIONS
From the above results, it can be concluded that high temperature stress negatively influence the crop phenology.
At the same time, it was observed that seed quality and storability also reduce due to high temperature stress of the parent plant production area. Anna (R) 4 maintained the seed quality even after 18 days of accelerated ageing. 
